Carbonyl sulfide (OCS) is known to be a linear molecule. In this paper we have attempted to correlate existing information regarding the structure of this molecule which may be deduced from the rotational absorption spectrum, and to give extended measurements in order to allow a unified presentation. We wish to point out that several other investigators have been instrumental in obtaining much of the experimental and theoretical data considered below.
General Theory
The rotational contribution to the energy levels of an unperturbed linear rotor in any vibrational state can be shown to be -1centrifugal distortion coefficient in cm centrifugal distortion coefficient in cm Thus, from the Bohr frequency condition and the selection rule AJ = +1, rotational transitions are induced in a molecule with an electric dipole moment by radiation with frequencies in cycles/sec given by
The "reciprocal moment of inertia" of the molecule in any vibrational state is related to the moment of inertia with the atoms in the minima of the vibrational potentials through the relation It should be noted that this representation is the usual one; in view of present knowledge it would be better, perhaps, to sum over all vibrational states separately instead of grouping the degenerate ones. For example, in a linear triatomic molecule it is known that the bending vibration is doubly degenerate since two orthogonal planes may be passed through the figure axis. Yet the vibration-rotation interaction is different for the two degenerate vibrations, so that the rotational absorption has a doublet structure when the molecule is in the bending vibrational state (v I = v 3 = 0; v 2 = 1). This splitting is referred to as -doubling. The difference of the displaced rotational energy levels in the two bending modes is given by
and the two absorption lines (J-J+l) are detected at frequencies different
where Av is in cycles/sec, and q is a measure of the difference of vibrational-rotational interactions,in cm 1 .
In other words, the two bending vibrational modes have different interaction coefficients (2) The term values may also be perturbed by external fields. In the presence of an electric field the energy levels of a molecule with n electric dipole moment are perturbed because of the interaction of the rotating dipole with the static electric field, i.e., the Stark effect. This perturbation energy for linear molecules in the ground vibrational state is of second order and has been shown to be The selection rule AJ = +1, Am = 0 applies when the Stark field is parallel to the electric vector of the incident radiation, and this is the case in these experiments. This is called a n-type transition and is the only case which will be considered in this paper. When Am = 0,
The perturbation of the energy levels given by Eq. (5) are indicated in Fig. 1 . The absorption spectrum for a given isotopic configuration with and without a Stark field is indicated in Fig. 2 . 
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The primes refer to the isotopically different molecule. If absorptions are detected for the isotopic molecules in the ground vibrational state for two different J transitions, the centrifugal distortion energy can be evaluated (see Eq.
(1)). Also if one J transition for each of the excited vibrational states is observed, the zero-point vibrational energy can be eliminated and the equilibrium moment of inertia can be evaluated. In this way the true equilibrium interatomic distances can be computed. The vibrational-rotational interaction energies must be used in the precise evaluation of the interatomic distances, since only the equilibrium distances may be assumed to be independent of nuclear mass changes.6
Secondly, the dipole moment of the molecule may be calculated for the molecule in any given vibrational state, and for any isotopic form, by measuring the Stark effect in that vibrational state in a known, homogeneous electric field. The cdipole moment may also be inferred from the line intensities, since the absorption coefficient ma x in cm -1 can be shown to be However, the dipole moment may not be evaluated by this method -ith facility or accuracy since the measurement of absolute absorption depends upon so many things; e.g., the purity of the sample, the calibration of the measuring system, etc.
Experimental Method
Some knowledge of the structure of OCS is available from electron-7 diffraction data.
Such information is useful in calculating the reciprocal moment to an accuracy sufficient for a preliminary prediction of the spectral line frequencies to be expected in the microwave region. Alternatively, the bond distances may be calculated from the resonant bond model of Pauling. Figure 4 is a picture of the 0O612S32 absorption J = 1-)2. The line is scuare-?rave Stark-modulated at a low frequency so that the unperturbed and perturbed absorptions appear in alternate time intervals. Figure 5 shows the same absorption as it appears thru a 6-kc/sec amplifier.
The sweep of The type of frequency standard used is described in Vol. 11 of the M.I.T. Radiation Laboratory Series 1 6 and is shown schematically in Fig. 6 .
The frequency standard "pip" is generated by the beating of the frequencyswept signal generator of the spectroscope with the frequency standard signal. If this "pip" is made to coincide in time with an absorption line, the standard frequency will be set at the line frequency plus or minus the pip amplifier i-f frequency. Therefore, the standard is set higher and lower than the line frequency, by an amount equal to the pip amplifier i-f frequency, and these two readings are made. The average of these two readings is the actual molecular absorption frequency.
Experimental Data
Measurements of the OCS spectrum are given in Table I . The J = 1-42 and J = 2-)3 transitions were measured with 2K33-type klystron generators. The J = 3-e4 and J = 4--5 transitions were measured Ewith this same type of oscillator by using the second-harmonic energy generated when the fundamental radiation is applied to a non-linear silicon crystal.
It should be noted that the error quoted is not a probable error. The standard is adjusted to WWV to at least 2 parts in 10 . Doppler shift in transmissions from WWV due to fading appears to be less than one part in 7 8 107 and WWV itself is claimed to be accurate to two parts in 10 . The absorption lines are generally less than 200 kc/sec wide when measured These data may be immediately reduced to yield the centrifugal stretching coefficient, the moments of inertia of the molecules in the ground vibrational state, and, to a rigid rotor approimnation, the interatomic distances. These reduced dta are given in Table II and Robertsl4 has measured the -doubling for 016C4S 3 .
This measurement of the reciDprocal moment of inertia in an excited vibrational state allows the evaluation of the a2 coefficient in the expression for vibrationrotation interaction (Eq. (3)). Values of 2 and q obtained are given in Table II .
Since the similar coefficients for the interaction coefficients of the symmetric and antisymmetric stretching vibrations are not also known, this additional information is of no use at present in evaluating the equilibrium interatomic distances.
Expressions due to Adel, A. H. Nielsen and H. H. Nielsen 1 9 are available to calculate theseunknown coefficients, but unfortunately the vibrational potential function of OCS is not well enough known to allow the coefficients to be computed with any accuracy. Of course the inverse process could be performed; i.e., that of solving for the two unknown cubic force constants, by using the known a2's determined from isotopic molecules. We have investigated this problem and feel that present precision of the necessary data, the a,ts and the contrifugal distortion coefficients, is not great enough to yield significant values for these force constants.
Dakin, 3 ToTnes,l 2 and their collaborators have analysed some of the factors limiting the accuracy of the determination of the dimensions of
OCS.
We consider the most important corrections are those due to zero-point vibrations.
Spectroscopic determination of molecular structure parameters is certainly not a new endeavor. Rotation, and vibration-rotation spectra in the infra-red have long been used for such purposes. In fact, the dimensions of OCO, a molecule chemically and structurally similar to OCS, have been obtained from rotation-vibration spectra with corrections made for zero-point vibration. This is of course possible only in a linear, symmetri-cal, triatomic molecule, since then only one distance must be determined from the one ecuilibrium moment of inertia. Only unsymmetrical linear molecules possess the ermanent dipole moments necessary for pure rotational absorption. Howrever, isotopic variations are readily observed, and though corrections for vibration-rotation interaction is very difficult, useful information is still obtained by making the rigid rotor approximation. In the case of OCS the rigid rotor approximation is not a bad one, since it is the shift in frequency of the absorption due to an isotopic substitution upon which the interatomic distances are dependent. This may be seen roughly as follows.
Since the ai themselves are a small correction, and the change of the ai with isotope will be a much smaller correction, we may assume ai/Bv to be constant to a zero order of approximation.
The equilibrium moments of inertia may then be written as:
Ignoring the vibration interaction is thus roughly equivalent to changing the interatomic distances by the factor . In OCS the correction term ad aidi/2 can be as large as 60 Mc/sec; this will make 2 about 1. Table II .
It might be thought that a better ap>roximation may be made to the interatomic distances by considering three isotopic molecules and solving for the interatomic distances in terms of frequency shifts alone. The purpose here would be to use the data to yield equilibrium distances to a higher accuracy since to zero order the vibration-rotation interaction might cancel. However, this is not the case. This is easily shown by solving for the interatomic distance in terms of the ecuilibrium moment of inertia of the original molecule Ie° and the equilibrium moment of inertia ?with which are the identical~expressions for the distances solved with only two isotopic molecules. It is interesting to note the similarity of the O-C and C-S distances in the related molecules OCO0 and SCS. This is to be expected from the simple resonant bond model of Pauling. These comparison distances are given in Table II 
